We study CP violation in J/ψ → ΛΛ decay. This decay provides a good place to look for CP violation. Some observables are very sensitive to the Λ electric dipole moment d Λ and therefore can be used to improve the experimental upper bound on d Λ . CP violations in the lepton pair decays of J/ψ and Υ are also discussed.
Up to now CP violation has only been observed in the neutral Kaon system [1] . In order to isolate the source (or sources) responsible for CP violation, it is important to find CP violation in other systems. The measurement of the electric dipole moment of elementary particles is very promising as a place to look for further evidence of CP violation. Stringent experimental upper bound has been obtained for the neutron [2] and the electron [3] . But the bounds on Λ, Σ and other particles are fairly weak. In this paper we study CP violation in J/ψ → ΛΛ decay. We show that this decay is also a good place to look for CP violation.
Moreover, it can be used to improve the experimental upper bound on the electric dipole moment of Λ. We also discuss CP violation in the lepton pair decays of J/ψ and Υ.
The most general decay amplitude A( J/ψ → Λ(p 1 )Λ(p 2 )) can be parametrized as
where ε µ is the polarization of the J/ψ particle and in its rest frame ε µ = (0, ε). CP invariance can be tested in J/ψ → ΛΛ only if the polarizations of Λ andΛ can be measured. Therefore, we will study J/ψ decay to polarized Λ (Λ). The density matrix for this decay in the rest frame of J/ψ can be defined as
where i and j label three-vector components.
The CP violating part of this density matrix is given by
+ 4icd
where p is the three momentum of Λ, s 1 (s 2 ) are the polarization vectors of Λ (Λ) defined in their rest frames, and M and m are the masses of J/ψ and the Lambda particles, respectively.
If J/ψ is produced at the threshold atp p or e + e − colliders, the density matrix ρ ij for the production of J/ψ can be written as
wherek is the direction of the p or e beam, and C and D are constants which depending on the details of the beams.
In the experimental situation, the polarizations of the Lambda particles are measured by analysing their decays. We will use the main decay channels Λ(s 1 ) → p(q 1 ) + π − and Λ(s 2 ) →p(q 2 )+π + to analyse the polarizations of the Lambda particles. The density matrix for these two decays in the rest frame of Λ (Λ), can be written as
where α − ≈ α + = 0.642 ± 0.013 [4] andq i = q i /|q i |.
Any experimental observables O can be constructed from k, p and q i . The expectation value of O is given by
where β = 1 − 4m 2 /M 2 , dΩ i are the solid angles, and the trace is over the spins of the Lambda particles. We find two observables which are particularly interesting,
where θ(x) is 1 if x > 0 and is zero if x < 0. A and B are CP odd and CPT even observables.
Non zero expection values for them signal CP violation. In terms of the parameters a , b , c and d, we have
The observable < A > is equal to
where N ± indicate events with sgn(p · (q 1 × q 2 )) = ±, respectively. < B > measures the correlations between the momenta. It is interesting to note that < A > and < B > are insensitive to CP violation in the Lambda decay amplitude and are independent of the parameters C and D , e.g. independent of how J/ψ is polarized. One can also construct CP odd and CPT odd observables from p, k and q i . These observables receive contributions from terms proportional to Im(da * ), Im(db * ) and Im(dc * ) and CP violation in the Λ decay matrix element. It is difficult to analyse these observables. CP violation in Λ decays has been studied in experiments with Λ from J/ψ decays [5] . But in this analysis CP violation from the J/ψ decay amplitude was neglected. No study has been performed of the observables < A > and < B >. We will study these two observables in the following.
The branching ratio for J/ψ → ΛΛ has been measured to be 1.35 × 10 −3 [4] . From this we can obtain information about the parameters in the amplitude. The b-term is a P violating amplitude and is expected to be significantly smaller than the P conserving a-and c-amplitudes. We will therefore neglect contribution from b. The relative strength of the amplitude a and c can be determined by studying correlations between the polarization of J/ψ and the direction of Λ momentum. Due to large experimental errors the constants a and c can not be reliably determined at present. In our numerical estimates we will consider two cases where the decay ampiltude is dominated by 1) the a-term, and 2) the c-term, respectively
The CP violating d-term can receive contributions from different sources, the electric dipole moment, the CP violating Z -Λ coupling, etc. In the following we estimate the contribution from the electric dipole moment d Λ of Λ. Here d Λ is defined by
where F µν is the field strength of the electromagnetic field. Exchanging a photon between Λ and a c-quark, we have the CP violating c-Λ interaction
From this we obtain
Here we have used the parametrization, < 0|cγ µ c|J/ψ >= ε µ g V . The value |g V | is determined to be 1.25 GeV
Inserting the above numbers into equation (9), we obtain 
Here we have used the absolute values for < A > because we can not determine the relative signs for a, c and d from the experimental data.
The experimental upper bound on d Λ is 1.5 × 10 −16 ecm [6] . There are constraints on the strange quark electric dipole moment and colour dipole moment from the neutron electric dipole moment d n [7] , which follow if one assumes that the contributions to d n do not | < B > | will also give the same information. The same analysis can be easily applied to J/ψ decays into Σ, Ξ and etc.
Our analysis can also be used for J/ψ and Υ → l + l − . Assuming that the d-term in equation (1) is mainly due to the electric dipole moment d l of the leptons, we have
where m l is the lepton mass, and N ′± is the events with sgn(p · (s 1 × s 2 )) = ±, respectively. 
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